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Abstract
Purpose of Review The following review is to assess the current methods, both non-invasive and invasive, in colorectal cancer
screening and discuss novel screening techniques.
Recent Findings Colorectal cancer continues to affect millions of people across the world. Through increased and widespread
adoption of various screeningmethods, the rates of colon cancer-related deaths are decreasing. However, this decline has not been
observed worldwide, possibly due to the lack of widespread screening adoption. Although there are many methods for screening
colorectal cancer, colonoscopy remains the gold standard, due to high sensitivity and specificity as well as the ability to
immediately sample or remove concerning tissue. Blood-based molecular testing is the most recent advancement in colorectal
cancer screening; however, it has a significantly lower sensitivity and specificity when compared to other methods. However,
with continued investigation, blood-based molecular testing may change how we screen for colorectal cancer in the near future.
Summary Several options for colorectal cancer screening exist today. Colorectal cancer screening methods and techniques have
improved over the last several decades. These improvements have helped to decrease the rates of colorectal cancer-related deaths,
most notably in the USA. Various organizations have provided a list of recommendations and suggested screening agendas,
which will be reviewed in this discussion.
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Introduction

Worldwide, colorectal cancer (CRC) continues to account for a
significant cause of morbidity and mortality. As the third most
commonly diagnosed cancer, it has an incidence of approximate-
ly 9% and it is the fourth most common cause of cancer-related
deaths [1]. In the USA, the incidence of CRC and the mortality
have remained relatively constant over the past 18 years, with a
mean of 143,291 ± (SD) 5860 and 52,169 ± 2870 [data obtained
from Cancer Statistics from 2002 to 2018 by Jemal et al. [2]

(Fig. 1)]. While there has been a moderate reduction in the mor-
tality from CRC, there is substantial room for improvement.

One of the most important aspects that could reduce mor-
tality from CRC is early screening. For instance, from 2007 to
2013, the incidence of colorectal cancer stage by stage was
23% (stage I), 24.5% (stage II), 24.7% (stage III), and 20.0%
(for stage IV) at the time of diagnosis [3]. The 5-year survival
for colorectal cancer stage by stage from 2007 to 2013 was
noted to be 88.1% (stage I), 80.1% (stage II), 65.8% (stage
III), and 12.6% (stage IV) [2]. The staggering number of pa-
tients presentingwithmetastatic disease demonstrates the pau-
city of current screening adherence.

An ideal screening test must be both highly sensitive and
specific. Generally, tests with high sensitivity suggest disease
(but suffer from poor specificity), and highly specific tests are
diagnostic [4]. Furthermore, a good screening test must be cost-
effective; a lower level of income correlates with lower rates of
screening for colorectal cancer [5]. More importantly, screening
test must be associated with good compliance. Despite screening
standards, a test with an excellent sensitivity and specificity will
not reduce mortality if patients are unwilling to be tested.
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Colonoscopy is the gold standard for the detection and
prevention of colorectal cancer [6]. However, it is invasive
with associated risk and can be costly, deterring many patients
from using colonoscopy as regular screening. As of 2014,
only 60.8% of American adults between the ages of 50 and
64 underwent CRC screening of any kind, and one third of
Americans have never been screened [7, 8]. Randomized con-
trolled trials have shown that offering non-invasive testing
such as fecal immunohistorchemical testing (FIT) increased
the rate of CRC screening [9]. It is clear from the current
evidence that screening for colorectal cancer is extremely
underutilized [10].

The following review discusses all the current screening
tests for colorectal cancer. We will focus on non-invasive
and novel screening modalities that might lead to higher com-
pliance. Potential implications increasing compliance, such as
cost, will also be addressed.

Current Recommendations

In general, a test should only be performed if it is going to
change the management of an individual. As such, screening
for colorectal cancer should be performed on a patient healthy
enough to undergo treatment, without a prohibitive risk of
surgical intervention. Current recommendations in the USA
indicate that everyone who is asymptomatic and average-risk
(Table 1), aged 50 to 75, should undergo colorectal cancer
screening. This recommendation emanates from a reduction
in mortality from this strategy and the median age of diagnosis
of 68 years of age [10]. Because the risk of colorectal cancer
increases with age, this is the most important risk factor for the
asymptomatic patient. Several organizations have developed
screening guidelines. These include the US Preventive
Services Task Force (USPSTF) [10], American College of

Gastroenterology (ACG) [6], American College of
Physicians (ACP) [11], and the American Cancer Society
[12]. Table 2 summarizes the latest recommendations each
set of guidelines.

The ACS guidelines have been recently updated (2018)
following the last update a decade prior [12]. To date, this is
the most up to date and comprehensive review of guidelines
for colorectal cancer screening and includes recommendation
and reviews of other societies. According to the new recom-
mendations, the evidence is considered either strong or
qualified based on GRADE guidelines [13]. The difference
is that qualified recommendations cannot uniformly assess
the risk benefit outcome of the intervention and must be fur-
ther determined on an individual basis. Additionally, the fi-
nancial burden of the recommendations is not assessed, but
the authors recognize the importance and impact that this
might have in the American population. The recent recom-
mendations of the ACS are depicted in Tables 3 and 4. The
difference from prior recommendations in this update is the
qualified recommendation to begin screening at age 45 for
average, non-symptomatic individuals.

The USPSTF concludes a screening benefit for average-
risk, asymptomatic adults aged 50–75. Patients aged 75–85

Table 1 Description of
non-average-risk
individuals

Non-average-risk individuals need
different screening schedules

1. History of Lynch syndrome

2. History of familial adenomatous
polyposis

3. History of inflammatory bowel disease

4. History of polyps

5. History of previous colorectal cancer

6. First degree relatives with colorectal
cancer

Fig. 1 Incidence and mortality for CRC in men and women in the USA
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must be assessed on an individual basis. Racial/ethnic back-
ground as well as male gendermust be evaluated in the screen-
ing schedules. A review of the currently available screening
tests is included: guaiac-based fecal occult blood test
(gFOBT), FIT, FIT-Check, FIT-DNA and direct visualization
techniques, CT colonography, and serology tests. These are
also reviewed in other guidelines, and the salient aspects of
each test are discussed below. Starting age of screening is
discussed with the best evidence suggesting that 50–75 years
of age has the highest yield of lowering mortality (asymptom-
atic, average-risk patient). Screening at age 45 and specific
racial groups is also addressed. Screening intervals are
discussed as well in this set of guidelines (Table 2). The risk
of complications from each procedure is mentioned in this
manuscript. However, the more invasive the test (i.e., colonos-
copy with biopsy), the more the complication rate (risk). The
harm of non-invasive tests has to do with a follow-up colo-
noscopy if the test is positive. The risk for colonoscopy is 4
perforations and 8 major bleeding episodes per 10,000 screen-
ing colonoscopies, which is higher 14 and 24 if the procedure
is performed as a follow-up for an abnormal finding [14].

In 2009, the screening guidelines from the ACG were up-
dated. The updates included separating screening modalities
into two main groups: cancer prevention versus cancer detec-
tion. The modalities within the cancer prevention modalities
have a higher capability of imaging both cancers and polyps.
Whereas the cancer detection modalities have a lower

sensitivity for polyps and cancers when compared to the can-
cer prevention group. Nonetheless, the society offers both
cancer prevention and detection as screening recommenda-
tions. It is important to note that the ACG recommends
colonoscopic evaluation to start at age 50. They also note that
screening should start at age 45 in the African American pop-
ulation. For patients who refuse colonoscopy, the preferred
cancer detection test modality is fecal immunohistorchemical
testing (FIT) which should be performed annually. Table 5
summarizes the guidelines [6].

The ACP recommends age 50 years as the starting age for
colorectal cancer screening in average-risk patient. However,
they make important note that screening options and age of
screening onset should be individualized for each patient.
Similar to the previously mentioned societies, the ACP rec-
ommends colonoscopy as the preferred screening modality.
When choosing a screening modality, it is important to choose
a technique that is cost-effective. Table 6 summarizes the
guidelines proposed by the ACP, in regard to effectiveness,
cost, and frequency [9].

Screening Methods

Endoscopy

CRC is thought to occur due to a “multihit” hypothesis [15].
In 1978, Hill proposed that an unknown environmental agent
caused the growth of precancerous lesions, or polyps, in indi-
viduals with a genetic predisposition [16]. A decade later,
Vogelstein and colleagues demonstrated that polyps with size,

Table 2 Society guideline
regarding colorectal cancer
screening

ACG (reference) ACP (reference) USPSTF (reference)

FOBT Q 1 year Q 1 year Q 1 year

FIT Q 1 year Q 1 year Q 1 year

Stool DNA N/A N/A Q 1–3 years

CT colonography Q 5 years N/A Q 5 years

Flexible sigmoidoscopy Q 5–10 years Q 5 years Q 5–10 years

Colonoscopy Q 10 years Q 10 years Q 10 years

FOBT fecal occult blood test, FIT fecal immunochemical testing, CT computed tomography

Table 3 American
Cancer Society
Recommendation
Guidelines (2018)

CRC screening options Frequency

Stool-based tests

FIT Annual

FOBT Annual

DNA test Q 3 years

Structural tests

Colonoscopy Q 10 years

CT colonography Q 5 years

Flexible sigmoidoscopy Q 5 years

FIT fecal immunohistochemical test,
FOBT fecal occult blood test, CT comput-
ed tomography

Table 4 American
Cancer Society
Recommendation
Guidelines (2018)

Qualified recommendations

• Screening age starts at 45 years

• Screening age ends at 75 years

• Screening should be individualized
based on patient and provided
between ages 76 and 85 years

• No screening after 85 years

Strong recommendations

• Screening age starts at 50 years
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villous features, and dysplasia had an increased risk of devel-
oping CRC [17]. Colonoscopy was developed in 1969 to ex-
cise and remove precancerous polyps and thus remove the risk
for CRC [18]. In the last 50 years, major advances have been
made to make endoscopy, e.g., colonoscopy and flexible sig-
moidoscopy, safer, more effective, and better tolerated. More
recently, flexible sigmoidoscopy has become less commonly
used, as evidence shows that right-sided colonic lesions are
more frequently missed [19].

Unlike other screening methods, endoscopy is both diag-
nostic and therapeutic: once visualized, polyps can be
biopsied and/or removed. Thus, any non-invasive screening
method, if positive, would indicate a need for colonoscopy. As
an invasive test frequently requiring sedation, endoscopy
carries risks including bleeding, infection, perforation, cardio-
pulmonary events from sedation, missed lesions, and even
death; the risk of serious adverse events is approximately 2.8
per 1000 procedures [20]. These risks are small, but signifi-
cant enough to cause concern among individuals.
Furthermore, endoscopy is expensive (Medicare reimburse-
ment for diagnostic colonoscopy was $195 in 2017 [21])
and requires a bowel preparation for adequate polyp detection,
which most patients find inconvenient and uncomfortable.
These factors likely contribute to the low level of adherence
to recommended screening.

Stool-Based Screening

Several fecal tests have been developed to screen for CRC.
Stool-based testing relies on the premise that abnormal cells
are exfoliated and shed into the stool, thus allowing for the
detection of specific markers [22, 23].

Stool Hemoglobin Testing

The guaiac-based fecal occult blood test (gFOBT) was recom-
mended by the US Preventive Services Task Force in 1996 as
a non-invasive screening mechanism for CRC after multiple
population-based studies showed a clear reduction in mortal-
ity [24, 25]. The gFOBT is traditionally a three-sample test
and detects the presence of heme when hydrogen peroxide
oxidizes guaiac to form a blue color [26]. However, this can
be affected by ingestion of dietary hemoglobin, antioxidants,
and other substances. Although annual testing has a sensitivity
of 90% over a 5-year period [27], it has been shown that the
sensitivity may be attributed to false positive results (as high
as 10%) from other causes of occult bleeding [28]. As a result
of these limitations, fecal immunochemical testing (FIT) was
developed.

FIT detects fecal human hemoglobin using antibodies that
bind to the intact globin component. Unlike gFOBT, FIT re-
quires one stool sample and does not require any dietary re-
strictions. Compared to colonoscopy, FITsensitivity and spec-
ificity for CRC were 71% and 94%, respectively [29]. There
are multiple qualitative and quantitative versions of FIT: while
the qualitative test provides a positive or negative test result
based on a certain threshold, the quantitative test provides a
fecal hemoglobin concentration [26]. FITaccuracy in average-
risk asymptomatic participants has been shown to be highly
variable depending on the threshold value used; a cutoff value
less than 20 μg/g had 89% sensitivity and 91% specificity for
CRC compared to tests that used higher thresholds [29].

Stool DNA Testing

Stool DNA (sDNA) panels were developed to evaluate for
specific tumor markers known to be associated with CRC.
Syngal et al. analyzed stool samples of patients newly diag-
nosed with CRC or advanced precancerous polyp (APP) be-
fore treatment, 1–3 months after surgical resection, and 6–
9 months after resection [30]. Stool samples were analyzed
using the multitarget DNA assay panel (MTAP) consisting of
23 markers, including p53 mutations, K-ras, APC, a microsat-
ellite instability marker, and a marker of disordered apoptosis.
MTAP sensitivity was 63% for CRC and 26% for APP [30].

Table 5 American College of Gastroenterologist Recommendation
Guidelines (2009)

Cancer prevention Cancer detection

Colonoscopy Q 10 years* FIT Q 1 year*

Flexible sigmoidoscopy Q 5–10 years Hemoccult Q 1 year

CT colonography Q 5 years Fecal DNA Q 3 years

*Preferred modality

Table 6 American College of
Physicians Recommendation
Guidelines (2012)

Modality Sensitivity Specificity Cost Interval

FOBT Variable Variable Low Annual

FIT Variable Variable Medium Annual

Stool DNA Variable High High Unknown

Double contrast barium enema Low Low Low Q 5 years

CT colonography Medium Medium High Q 5 years

Flexible sigmoidoscopy Medium Medium High Q 5 years

Colonoscopy High High High Q 10 years
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Interestingly, a positive stool DNA test appeared to correlate
with the presence of tumor, as most stool samples after resec-
tion were negative [30]. The sDNA panel was reformulated by
Exact Sciences (Exact Sciences, Madison, WI) to include
point mutations in K-ras, hypermethylated BMP3 and
NDRG4, the β-actin gene (for DNA quantity control), and a
human hemoglobin immunochemical assay [31]. In the
screening trial, Imperiale et al. showed that Cologuard
(Exact Sciences, Madison WI) was more sensitive than FIT
for CRC (92.3% compared to 73.8%), although it was less
specific (86.6% versus 94.9%) [32]. Unlike FIT, sensitivity
did not vary with CRC stage or location. Furthermore,
Cologuard had a sensitivity of 42.4% compared to FIT sensi-
tivity of 23.8% for APP [32]. The Food and Drug
Administration approved Cologuard for average-risk CRC
screening in 2014, with a recommended screening interval
of 3 years. Currently, the Center for Medicare and Medicaid
Services (CMS) reimbursement for Cologuard is $493 com-
pared to $23 for FIT [33]. However, Prince et al. showed that
using Cologuard improved compliance in previously non-
compliant Medicare patients [34•].

Stool Protein Testing

M2-pyruvate kinase (M2PK), an isoenzyme of pyruvate ki-
nase, plays a crucial role in glycolysis during tumor growth by
shifting cellular metabolism to aerobic glycolysis [35]. The
dimeric form of M2PK is induced by different oncoproteins
and is most commonly found in tumorigenesis [36]. As a
result, M2PK stool levels are elevated in CRC, although high
levels can also be seen in acute and chronic inflammatory
bowel disease (IBD). The sensitivity for M2PK for CRC, with
a cutoff value of 4 U/mL, is 79%, and the specificity is 73
[36–38]. The test is available both in ELISA and
immunochromatographic form [38], and the cost of M2PK
is similar to FIT ($25) [36]. However, further population stud-
ies are needed to fully characterize the potential of this test.

Fecal calprotectin has also been studied as a biomarker for
CRC screening. However, the Norwegian Colorectal Cancer
Prevention Trial showed that calprotectin had both lower sen-
sitivity for both CRC and APP and a lower specificity [39].
Widlak et al. showed that FIT and fecal calprotectin, used in
combination, was not superior to FIT alone [40]. Due to these
findings, using fecal calprotectin has fallen out of favor.

Blood-Based Screening

Ideally, screening via blood samples would identify mutations
that predispose an individual to increased CRC risk. Examples
of effective serum screening tests include the RET proto-
oncogene for multiple endocrine neoplasia (MEN) and the
BRCA genes for breast cancer. These markers are the result
of germ line mutations. Currently, patients may undergo

genetic screening for mutations including familial adenoma-
tous polyposis or Lynch syndrome if considered high risk [15,
41–43]. However, in the USA, 95% of CRC occurs de novo,
characterized by somatic mutations.

Blood tests may be more acceptable to patients and may
increase screening uptake overall [44, 45]. However, testing
for biomarkers of neoplasia would indicate vascular invasion
or, at the very least, an inflammatory reaction leading to the
immune presentation of these markers [22, 23]. Therefore,
these tests are very limited for clinical implementation for
screening purposes.

DNA-Based Tests

Methylated septin9, a gene involved in cell cycle control and
cytokinesis, has been studied as a potential biomarker for
CRC [46–48]. The SEPT9 DNA methylation assay was sub-
sequently developed as a possible CRC screening tool. The
SEPT9 assay was included in DNA extraction from plasma,
bisulfite conversion and purification, quantification by poly-
merase chain reaction (PCR), and measurement of Septin9
methylation [46]. Initial trials were promising, and the Food
and Drug Administration approved SEPT9 for CRC screening
in 2016. However, the PRESEPT trial showed that SEPT9 had
a sensitivity of 48.2% and a specificity of 91.5% for CRC,
with a sensitivity of 11.2% for APP [49]. Ahlquist et al. com-
pared SEPT9 to sDNA and found that SEPT9 had a lower
sensitivity and higher false positive rate compared to sDNA
[22]. Jin et al. showed that the second-generation SEPT9 test
may have improved significantly, with sensitivity and speci-
ficity similar to FIT [50, 51]. Given conflicting data, the role
of SEPT9 in CRC screening is yet unclear.

RNA-Based Tests

It is known that RNA expression becomes increasingly dys-
regulated in cancer growth [52]. Marshall et al. analyzed mes-
senger RNA from subjects with CRC and controls, develop-
ing a seven-gene biomarker assay for CRC screening [53].
The assay is composed of seven genes (ANXA3, CLEC4D,
LMNB1, PRRG4, TNFAIP6, VNN1, and IL2RB) and has
similar sensitivity and specificity to first-generation SEPT9
[53, 54•]. Marketed as ColonSentry by GeneNews Ltd.
(Richmond Hill, Ontario, Canada), it is approved as a risk
assessment tool rather than a screening tool for CRC [55].

MicroRNAs are small, non-coding RNAs. Several
microRNA tests are also being developed for CRC screening.
Wang et al. evaluated plasma miR-409-3p, miR-7, and
miR-93 as potential circulating biomarkers that could be used
to detect CRC of all stages [56]. MicroRNAs appear to have a
stronger correlation to metastasized CRC, however can be
detected prior to metastasis. Multiple microRNAs have been
associated with CRC; however, again, the sensitivity and
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specificity appear to be lower than stool-based testing and
application for screening is not well defined [31, 57].
Circular RNAs, non-coding RNAs with a closed-loop
structure, may act as a target for microRNAs associated
with CRC; however, at this point, the clinical application
is hard to define [58].

Protein-Based Tests

Chen et al. assessed the diagnostic properties of 92 tumor-
associated biomarkers, using 35 cases of CRC and 54 con-
trols, and found 17 biomarkers that were significantly differ-
ent in CRC versus controls [59]. The same group evaluated
autoantibodies against tumor-associated antigens and found
that a combination of four autoantibodies (anti-MAGEA4,
anti-TP53, anti-IMPDH2, anti-MDM2) created a panel with
low sensitivity of 26%, however high specificity of 90% for
CRC, with 20% detection of APP [60]. Other tested immuno-
assays have not shown superiority to stool testing methods
[61, 62]. These biomarkers may play an adjunct role to
stool-based testing; however, further studies (population-
based) should be undertaken.

Image-Guided Non-invasive Screening

Imaging modalities have emerged as non-invasive ways to de-
tect polyps and CRC. However, similar to colonoscopy, these
techniques require bowel preparation, and are costly. Double-
contrast barium enema has largely been replaced by CT
colonography (CTC) as a radiologic alternative to colonoscopy
[6]. The sensitivity of CTC to detect adenomas 1 cm or greater in
size ranges from 67 to 94%, and the specificity ranges from 86%
to 98% [14]. However, data for smaller or flat polyps is poor.
Patients still have to take a bowel preparation, and colonoscopy
is recommended if a polyp is found. CTC carries a lower risk of
perforation, but radiation exposure should also be weighed [61,
63]. Currently, CTC is recommended at 5-year intervals for
average-risk patients [6]. Published data regarding the impact
of CTC as effective CRC screening is yet lacking.

Novel Techniques

Check-Cap Ltd., an Israel-based company, is developing a
preparation-free capsule-based screening method for CRC.
The C-scan® system uses an ultra-low-dose X-ray capsule,
an integrated recording system, and software that purportedly
will create a three-dimensional map of the colon [64••]. The
FDA has conditionally approved the company’s investigation-
al device exemption (IDE) application to start a US pilot study,
the company announced in September 2018.

Another Israel-based company, Outsense, has created a
sensor that clips onto the toilet bowl, featuring a camera and
a data acquisition device connected to a mobile device app. It
monitors occult blood, among other as yet unknown bio-
markers. Per the website, the company has received the
European Innovation Council’s Small and Moderate
Enterprise Feasibility Support (Phase I) grant in 2017 [65].

Machine learning is also being integrated into CRC screen-
ing. Hornbrook et al. demonstrated the use of a statistical
detection model (ColonFlag®, marketed by Medial
EarlySign Inc., KfarMalal, Israel) to alert providers to patients
who might be at increased risk for CRC [66]. Urban et al. used
convolutional neural networks, a deep learning model for im-
age analysis, to improve polyp detection in real time during
colonoscopy [67••]. It is very possible that the next 5 years
will bring new and exciting technologies, improving CRC
screening and detection.

Conclusions

Early detection of colorectal cancer is pivotal in the man-
agement of this malignancy. Multiple factors have to be
included in the choice of a test, including patient’s edu-
cational background, test characteristics, cost, frequency,
and primary care physician recommendations [68–73].
Overall, the best test is the one with the highest rate of
compliance; the more people tested, the more likelihood
to find affected patients. It has been demonstrated that
offering choices with regard to screening increases com-
pliance [74]. Furthermore, it is clear that screening for
colorectal cancer is underutilized, and efforts to increase
screening would benefit overall survival.

While most patients would prefer non-invasive testing, or
testing without a bowel preparation, colonoscopy remains the
gold standard. Currently, imaging modalities allow us to visu-
alize polyps > 1 cm and early tumors and may be the best
screening alternative to colonoscopy for average-risk patients.
Stool and blood screening options are promising, but many
require more development and testing prior to widespread use.
Perhaps, a combination of non-invasive tests will be suitable
for screening in the near future.
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